Phenolic compounds covalently bound to macromolecules occur in wheat flour and are released by acid or alkaline hydrolysis. It is concluded that changes in phenolic compounds may partly account for the aging effect in flours.
INTRODUCTION
Free phenolic compounds and derivatives of low molecular weight are present in rather small amounts in wheat flour and washed gluten (Gallus and Jennings 1971) and in whole ungerminated wheat grain (el-Basyouni and Towers 1964) . Fausch, Kiindig, and Neukom (1963) and Painter and Neukom (1968) have shown that a glycoprotein of wheat flour contains an esterified ferulic acid molecule and has rather unusual physical properties. Quinonoid compounds may interact with the sulphydryl group of cysteine and the E-amino group of lysine in proteins, causing changes in the physical and enzymic properties of the proteins (Mason 1955; Loomis and Battaile 1966; Pierpoint 1966 Pierpoint , 1969a Pierpoint , 1969b Anderson and Rowan 1967; Anderson 1968; Byck and Dawson 1968) .
In this paper it is shown that wheat flour contains bound phenolic compounds which may affect the properties of dough.
II. MATERIALS AND METHODS
Flour was milled from grain of Triticum vulgare cv. Gabo and cv. Mexico 120. Gluten was prepared by the procedure described by Kent-Jones and Amos (1957, p. 601) .
(a) Methods of Hydrolysis
Hydrolysis 1.-A suspension of Gabo flour (50 g) in water (200 ml) was extracted with two portions each of ethert and n·butanol. An equal volume of concentrated hydrochloric acid was added and the mixture left for 19 days at room temperature. The dark brown hydrolysate was neutralized to about pH 3 with ION KOH (in an ice-water-bath) and extracted with ether and n-butanol, as before. The hydrolysate was adjusted to pH 8· 5 with ION KOH and re-extracted as before with ether and n-butanol.
Hydrolysis 2.-Gabo flour (50 g) was suspended in 6N HOI (200 ml) and left, with occasional mixing, for 64 hr at room temperature. The hydrolysate was extracted twice with ether and three times with n-butanol, adjusted to pH 10 with ION KOH (in an ice-water-bath), then re-extracted with ether and n-butanol as before.
Hydrolysis 3.-Gabo flour (50 g) was suspended in 2N KOH (200 ml) for 64 hr at room temperature. It was necessary to add 400 ml distilled water to the tacky brown gel which formed for adequate dispersal before extraction with two portions of ether and three portions of n-butanol. The hydrolysate was adjusted to pH 2 with hydrochloric acid and re-extracted with ether and n·butanol, as above.
Hydrolysis 4.-Gluten was prepared from the flours of cv. Gabo and cv. Mexico 120 and thoroughly macerated with n-butanol in a mortar and pestle. The residue was washed with water and suspended in 6N HCI for 10 days at room temperature, with occasional mixing. The hydrolysate was neutralized to pH 3 with ION KOH (in an ice-water-bath) and treated subsequently as for hydrolysis 1. The chromatograms were examined under ultraviolet light before and after exposure to ammonia vapour to detect fluorescent and absorbing zones, and then stained with the following reagents:
nigrosine, to detect polypeptides and proteins (Gallus and Jennings 1968); II: ninhydrin, to detect amino acids and peptides (Stepka 1957; Mabry and Todd 1963) ; III: sudan black, to detect lipids (Gurr 1960) ; IV: silver nitrate, to detect sugars, phenolic, and other reducing compounds (Trevelyan, Proctor, and Harrison 1950; Benson et al. 1952) ; V: ferric chloride-potassium ferricyanide, to detect phenolic and other reducing compounds (Kirby, Knowles, and White 1953) ; VI: diazotized p-nitroaniline, to detect phenolic compounds (Swain 1953) .
Some extracts contained considerable amounts of polypeptides, amino acids, sugars, lipids, and potassium chloride. The presence of potassium chloride made the chromatographic resolution of some components difficult. The relatively large amounts of lipid present in some extracts caused rather slow wetting of the material at the origin by aqueous solvents, thus affecting R Fvalues by up to 10% in the developed chromatograms.
III. RESULTS

(a) Free Compounds of Low Molecular Weight
Ether extracted a small amount of material from wheat flour whereas n-butanol extracted rather more (first extract, hydrolysis 1). Both extracts contained only lipid and small amounts of fluorescent material. After chromatography of both these extracts with solvent A, a small amount of fluorescent material coincided with the lipid zone and reagent V reacted with compounds in this zone to give two distinct zones.
The n-butanol extracts of both gluten preparations (first extracts, hydrolysis 4) contained much lipid, a little fluorescent material which reacted with reagent V, and rather small amounts of material which reacted with reagents I, II, and IV. The compounds which reacted with reagent IV had Rp values corresponding to those of maltose and either glucose or fructose or both.
(b) Aging Effects
When chromatograms of these extracts (i.e. first extracts, hydrolysis 4) were stored for a few days before staining, the zones which fluoresced originally had changed to zones which absorbed ultraviolet light and reacted much more intensely with reagent V. After storage for several months before staining, the zones which had changed from a fluorescent to an absorbing state showed further change to a highly fluorescent state. Chromatograms of the ether and n-butanol extracts of whole flour showed similar changes but at a much slower rate.
Portions of the n-butanol extracts of the gluten preparations (i.e. first extracts, hydrolysis 4) were applied to the origins of chromatograms. These were stored for several days until all the fluorescent material changed to a form which absorbed ultraviolet light. After development of the chromatograms with solvent B, small amounts of the lipid and material which absorbed ultraviolet light now remained at the origin and there was no reversion of any material to a form which fluoresced in ultraviolet light. The compounds which did migrate on these chromatograms showed the same mobilities and reaction with reagent V as they did in their fluorescent forms.
(c) Compounds Released by Hydrolysis
Ether and n-butanol extracted much greater amounts of phenolic material from the acid and alkaline hydrolysates of the flour and gluten than from the untreated flour or gluten. This phenolic material reacted with reagents V and VI and either fluoresced in or absorbed ultraviolet light. It was detected, in varying amounts, in all the extracts of hydrolysates 1-4 and contained phenolic compounds, either free or apparently covalently bound to polypeptides or lipids. The chromatographic zones which did not absorb or fluoresce in ultraviolet light did not react with reagent V while some of the zones which reacted with reagent V also reacted with reagents IV and VI. However, reagent VI is much less sensitive than reagent V.
Phenolic compounds apparently covalently bound to polypeptides were extracted by n-butanol from acidic solutions. When freed of n-butanol and hydrochloric acid, this complex material would not redissolve in n-butanol or n-butanol saturated with water unless a small amount of ammonia was added.
Two fractions gave a greater number of zones of phenolic compounds on chromatography than the others and appeared to contain all of the free phenolic compounds detected in the various extracts. These were the ether extracts of the acid and acidified alkaline hydrolysates of the flour (hydrolysates 2 and 3). (After removal of the ether from the extract of the acid hydrolysates a small amount of material did not redissolve in ether but dissolved readily in ethanol.) Amino acids, lipid, saccharide, and polypeptide materials were not detected in the ether extract of the acidified alkaline hydrolysate. Table 1 shows the Rp values of the zones obtained after two-way chromatography of hydrolysates 2 and 3 in solvent systems F and D (these systems giving maximum resolution) and which reacted with reagents V or VI or fluoresced in or absorbed ultraviolet light. It is apparent that only a few of the compounds detected were present in both extracts. The mobilities of the various compounds on two-dimensional chromatography did not agree with those of the phenolic compounds previously isolated from the ungerminated wheat grain by el-Basyouni and Towers (1964) . Further, the known compounds which we tested gave quite different colours with reagent VI to those shown by the unknown compounds.
IV. DISCUSSION (a) Free Phenolic Compounds
The results confirm that only trace amounts of free phenolic compounds or phenolic derivatives of low molecular weight occur in wheat flour (el-Basyouni and Towers 1964; Gallus and Jennings 1971) .
(b) Bound Phenolic Compounds
The extraction of much larger amounts of different phenolic compounds and derivatives from the hydrolysates of wheat flour and gluten shows that this type of compound occurs mainly bound covalently to other molecules. Our failure to detect free ferulic acid in the hydrolysates may have been due to either the ferulic acid remaining bound to sugar (Fausch, Kiindig, and Neukom 1963; Painter and Neukom 1968 ) (or to other residues), thus affecting its mobility during chromatography, or to the occurrence of much lower levels of it relative to those of the other phenolic compounds present.
We failed to detect any of the phenolic acids found in small amounts by el-Basyouni and Towers (1964) in acid and alkaline hydrolysates of the ethanol extracts of ungerminated whole grain. However, they did not determine whether these were localized in any particular morphological fraction.
Some zones on the chromatograms gave reactions for both phenolic and polypeptide material. The failure of any of several solvent systems to separate this material into separate zones suggests that the phenolic residues are covalently bound to the polypeptides. The solubility properties of this material in acidified, neutral, and alkaline n-butanol suggests that the polypeptide material contained cysteic acid or aspartic and glutamic acid residues or all of these in addition to the basic amino acid residues necessary for the reaction with nigrosine. Although most of the aspartic and glutamic acid residues in flour proteins occur as their amides, hydrolysis of the amide groups of asparagine and glutamine occurs readily in strong acid and alkaline solutions.
(c) Phenol-Protein Interactions
As far as we know there are no reports in the literature of proteins containing phenolic compounds attached directly to amino acid residues as part of their native structure. Phenolic compounds in their quinonoid form readily form addition products with the sulphydryl group of cysteine, the €-amino group of lysine, and the cc-amino group of amino acids (Mason 1955; Loomis and Battaile 1966; Pierpoint 1966 Pierpoint , 1969a Pierpoint , 1969b Byck and Dawson 1968) . Thus it is probable that the phenolic compounds, either free or bound to other molecules in naturally occurring compounds, interacted in a random manner with these reactive amino acid groups in the wheat proteins at some time after protein synthesis had occurred. During the final stages of maturation of the grain, dehydration of the endosperm occurs with disruption of the functional organized structure of the cell and, presumably, of the metabolic control systems, thus allowing these addition products to form (Jennings and Morton 1963; . It is also possible that phenolic compounds, released by hydrolysis, interacted with the reactive amino acid groups, although it is unlikely that this would occur to any extent in strongly acid solutions (Mason 1955; Byck and Dawson 1968; Pierpoint 1969a Pierpoint , 1969b .
The recovery of reactive phenolic compounds after acidification of the alkaline hydrolysates suggests that they were protected against oxidation by alkali-stable, acid-labile bonds.
We conclude also that the phenolic compounds are bound by different types of bonds into more than one type of molecule since significant amounts are recovered after the acid and alkaline hydrolysates are made alkaline or acidic, respectively. The differences in solubility noted also support this.
(d) Phenolic Compounds and Dough Properties
Our failure to positively identify any of the phenolic compounds in the various extracts may have been due to the incomplete removal of saccharide or other molecules during hydrolysis. While the RF values of several zones corresponded to those of known compounds in particular solvent systems, they differed in others. Nevertheless it is apparent that significant amounts of reactive phenolic compounds occur in wheat flour and their possible effects on the rheological and other properties of flour and dough must be considered.
Qualitatively the same compounds were isolated from the glutens of cv. Gabo and cv. Mexico 120 in about the same apparent amounts. Thus it is unlikely that varietal differences in baking quality can be attributed to differences in the content and nature of phenolic compounds.
The naturally occurring glycoprotein containing ferulic acid readily forms a gel under appropriate conditions (Painter and Neukom 1968) . Similar interactions leading to gel formation could conceivably occur between appropriate phenolic compounds randomly attached to protein molecules. The possibility also exists for crosslinking of polypeptide chains through phenolic compounds (Mason 1955; Loomis and Battaile 1966) . In addition, the attachment of a phenolic compound to a polypeptide may cause perturbation of the conformation of the polypeptide and changes in its physical and other properties (Anderson 1968; Pierpoint 1969b) .
The aeration of doughs during mixing would promote enzymatic or nonenzymatic oxidation of phenolic compounds to their quinonoid forms and thus facilitate their reaction with suitable amino acid residues. Thus it is necessary to consider the possible involvement of phenolic compounds in any study of the effects on the properties of doughs of oxidizing or reducing agents, and of compounds such as N-ethylmaleimide which react specifically with sulphydryl groups.
We suggest that the baking quality of flours may be affected by interactions between phenolic compounds and reactive groups in protein. However, there is as yet no evidence of the magnitude of this effect.
(e) Aging of Flour
The changes in phenolic compounds observed on unstained chromatograms may also occur in wheat flour during aging and partly account for the observed changes in the properties of flour during storage (Kent-Jones and Amos 1957, p. 317; Pratt 1964 
